1. Introduction {#sec1}
===============

Dietary fatty acids are one of the primary energy sources and exert important physiological functions for fast-growing broilers, and the absorbed fat type has been reported to modify the fatty acid composition of chicken as well ([@bib20], [@bib3], [@bib17], [@bib36]). Sesame oil (SO) is an edible vegetable oil, and derived from sesame seed. As a dietary source of n-6 polyunsaturated fatty acid (PUFA), SO contains approximately 41% linoleic acid (LA). Flaxseed oil (FO) is a source of n-3 PUFA and enriched in α-linoleic acid (ALA), while lard (LD) is a source of saturated fatty acid. Flaxseed oil is a common supplement of layer diet for producing n-3 PUFA enriched eggs. Linoleic acid and ALA are both substrates for Δ-6 desaturase ([@bib21]). Both n-3 and n-6 PUFA share universal enzymes during the biosynthesis of long-chain fatty acids (LCFA); therefore, competition between n-3 and n-6 PUFA for the Δ-6 desaturase enzyme system influences elongation and desaturation of 18-carbon LCFA. This affects tissue incorporation of the long-chained n-3 PUFA ([@bib21]). High level of dietary n-6 PUFA with a high n-6: n-3 PUFA ratio has been suggested to adversely affect health ([@bib35]). However, studies on the effect of n-3 PUFA enriched oil source (such as SO) on broilers are limited.

Effector T lymphocytes consisting of CD8^+^ killer T cells and CD4^+^ helper T cells are major players in the inflammatory response. n-3 PUFA exhibits its anti-inflammatory effect by shifting the Th1 response (characterized by T cell proliferation and pro-inflammatory cytokine secretion) to a Th2 response, thus increases B cell activation and antibody production ([@bib15], [@bib34], [@bib42]). However, [@bib39] reported that the circulating CD4^+^ population of broilers and the CD4^+^: CD8^+^ ratio could be increased by a high ratio of n-6: n-3 PUFA in the feed. Furthermore, increasing PUFA in diets of broiler chickens has also been associated with lipid oxidation ([@bib7]). Increasing dietary PUFA supplementation has also been associated with lipid oxidation and alteration of animal performance and health ([@bib26], [@bib27], [@bib38]), but the effects of different lipid sources on the cardiac antioxidant status of broilers are not well studied. Moreover, most of the research has been conducted during inflammation in response to immune stress. Reports on the effects of dietary lipids on immune response under physiological conditions are rare. The response of cytokines and T lymphocytes to supplementation with different dietary lipid sources may behave differently between challenged and unchallenged animals.

Therefore, the objective of the present study was to investigate the effects of different dietary oil sources on growth performance, nutrient digestibility, blood T lymphocyte subset, and cardiac antioxidant status of broilers.

2. Materials and methods {#sec2}
========================

2.1. Birds, housing, and experimental design {#sec2.1}
--------------------------------------------

The Animal Care and Use Committee of the Henan Agricultural University approved the experimental protocol. A total of 360 one-day-old male (Cobb 500) broilers (BW = 44 ± 3 g) were obtained for a 6-week period trial. The broilers were placed in an enclosed fan-ventilated rearing house with suspended cages (2 m × 1.5 m) and provided with continuous light and free access to water and feed. This was achieved by equipping each cage with automated feeder lines and nipple waterer lines on both sides of the feeder. The room temperature was set to 33 °C for the first 3 days and was gradually reduced to 24 °C during the experimental period with a relative humidity maintained at 60%. The control diet was formulated using 5% of lard, and 2 experimental diets were formulated, in which LD was replaced equivalently by SO and FO, respectively. Lard was obtained from Yinghui Feed (Zhenzhou, China), while FO and SO were obtained from Wanlifu Bio-Technology Company (Inner Mongolia, China). The acid value and peroxide value were 2.15 mg KOH/g and 5.08 mmol/kg in LD, 1.87 mg KOH/g and 4.75 mmol/kg in FO, 1.36 mg KOH/g and 3.48 mmol/kg in SO.

Broilers were tested in 6 replicates (cages) with 20 birds each cage. Two nutritional phases, including a starter phase (1 to 21 d) and a finisher phase (22 to 42 d), were designed for this experiment ([Table 1](#tbl1){ref-type="table"}). All diets were formulated with equal contents of calories and nitrogen that met the nutritional requirements of broilers ([@bib45]) and were supplied in mash form. The fatty acid composition of experimental diets is shown in [Table 2](#tbl2){ref-type="table"}.Table 1Dietary composition (as-fed basis).ItemStarter (1 to 21 d)Finisher (22 to 42 d)LDSOFOLDSOFOIngredients, g/kg Corn552.0552.0552.0601.0605.0605.0 Soybean meal (CP 48%)350.9350.9350.9310.0297.0297.0 Corn gluten meal (CP 60%)--------9.09.0 Sesame oil--50.0----50.0-- Flaxseed oil----50.0----50.0 Lard50.0----50.0---- Ca(H~2~PO~4~)~2~15.515.515.512.612.612.6 Limestone12.612.612.611.811.911.9 NaCl2.02.02.02.02.02.0 [DL]{.smallcaps}-methionine1.41.41.40.50.50.5 [L]{.smallcaps}-lysine-HCl3.03.03.00.1---- Choline chloride2.62.62.62.02.02.0 Vitamin premix[1](#tbl1fn1){ref-type="table-fn"}5.05.05.05.05.05.0 Trace mineral premix[2](#tbl1fn2){ref-type="table-fn"}5.05.05.05.05.05.0Analytical composition, %[3](#tbl1fn3){ref-type="table-fn"} ME, MJ/kg12.8912.6112.6513.0913.0313.07 Crude protein21.5021.6022.0019.8919.9020.00 Crude fat8.908.818.589.009.009.20 Ca1.041.121.071.020.991.01 Lys1.151.161.151.001.001.02 Met + Cys0.910.870.880.780.720.73 Available P0.450.500.470.460.420.44[^1][^2][^3][^4]Table 2Analyzed fatty acid composition (mg/g diet).[1](#tbl2fn1){ref-type="table-fn"}ItemStarter (1 to 21 d)Finisher (22 to 42 d)LDSOFOLDSOFOC14:01.940.610.820.630.140.23C15:00.050.060.080.040.030.06C16:023.6713.9614.5823.0713.3310.45C17:0--1.953.531.922.363.03C18:010.63.195.2414.132.252.52C16:1n-711.348.410.468.5711.198.23C18:1n-928.8422.4721.9330.6221.8823.57C20:1n-90.160.411.290.240.620.79C18:2n-67.8527.585.176.0027.529.90C20:2n-60.71.391.970.680.981.61C20:3n-60.51.221.120.810.961.18C20:4n-60.210.951.250.310.951.21C18:3n-30.814.5919.460.54.9825.74C20:5n-30.70.350.080.840.470.17C22:5n-30.620.010.50.290.320.06C22:6n-30.110.070.450.470.80.73Total SFA[1](#tbl2fn1){ref-type="table-fn"}36.2619.7724.2539.7918.1116.29Total MUFA[1](#tbl2fn1){ref-type="table-fn"}40.3431.2833.6839.4333.6932.59n-3 PUFA2.245.0220.492.106.5726.70n-6 PUFA9.2631.149.517.8030.4113.90Total PUFA[1](#tbl2fn1){ref-type="table-fn"}11.5036.1630.009.9036.9840.60[^5][^6]

2.2. Sampling and analysis {#sec2.2}
--------------------------

All diets were evaluated for composition of dry matter (DM), gross energy (GE), crude protein (CP), crude fat (CF), calcium (Ca), and phosphorus (P) according to the approved procedures of the [@bib46].

Feed intake (FI) of boilers was recorded on a weekly basis, and spilled feed from each cage was collected and weighed daily to calculate the feed consumption. The broilers were weighed weekly (via the cage) to estimate both body weight gain (BWG) and feed conversion rate (FCR). At the end of the experiment, blood samples were collected from 36 broilers (2 birds per cage and 12 birds per treatment) via bleeding from the wing vein. These broilers were individually weighed and then slaughtered via cervical dislocation. The breast, leg, heart, liver, abdominal fat, spleen, and bursa of Fabricius were harvested and weighed to calculate the relative organ weights (% of live BW). The blood samples were subjected to centrifugation at 3,000 × *g* for 15 min at 4 °C (Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ) to separate the serum, which were stored below −20 °C until further analysis.

2.3. Apparent total tract nutrient digestibility {#sec2.3}
------------------------------------------------

The apparent total tract nutrient digestibility (ATTD) was determined on 42 d by adding 0.2% chromium oxide (Cr~2~O~3~) to the diets as an indigestible marker and by measuring fresh excreta samples collected during the 4 d preceding feeding the chromium diet. Each sample was placed in an aluminum foil cup and was dried for 72 h at 60 °C and ground through a 1-mm sieve. The ATTD of DM, crude fat, Ca, and P were calculated via the chromium oxide concentration of feces relative to feed using the index method described by [@bib25].

2.4. Blood metabolites {#sec2.4}
----------------------

Serum samples were thawed and concentrations of total protein, glucose, albumin, and globulin were determined using an automatic biochemical analyzer (RA-1000 Bayer, NY, USA) according to the procedures of the manufacturer. The concentrations of cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and triglycerides in serum were measured via reagent kits (Wako Pure Chemical Industries Ltd., Tokyo, Japan), following the manufacturer\'s instructions.

2.5. Lymphocyte subsets assay {#sec2.5}
-----------------------------

Lymphocytes were obtained following the method detailed in [@bib18] and [@bib7] and lymphocytes were further assayed via flow cytometry (CellQuest program; Becton Dickinson, Franklin Lakes, NJ, USA).

2.6. Determination of fatty acid profiles {#sec2.6}
-----------------------------------------

The fatty acid content of the feed was determined via combination of gas chromatography and mass spectrometry (Agilent HP6890 and Agilent HP 5973) according to the manufacturer\'s instructions.

2.7. Heart antioxidant status analysis {#sec2.7}
--------------------------------------

The enzymatic activities of superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) were measured and the contents of hydroxyl radical (HO) and malondialdehyde (MDA) were obtained using relevant reagent kits (SOD, A001-1; GSH-Px, A005; HO, A018; MDA, A003-1 Nanjing, Jiangsu, China), following the manufacturer\'s instructions.

2.8. Statistical analysis {#sec2.8}
-------------------------

All data were analyzed via the GLM procedures of SAS (SAS Inst. Inc., Cary, NC), using each replicate cage as an experimental unit. Differences among all treatments were separated via the Tukey--Kramer test and *P* \< 0.05 indicated significance. The variability of all data was expressed as the SE.

3. Results {#sec3}
==========

3.1. Growth performance and apparent total tract nutrient digestibility {#sec3.1}
-----------------------------------------------------------------------

Both BWG and FI were not influenced by dietary treatments throughout the entire experimental period, whereas FCR was lower (*P* \< 0.05) in both SO and FO treatments than in LD treatment both from 22 to 42 d and overall phase ([Table 3](#tbl3){ref-type="table"}). No difference was found in ATTD of Ca, P, and CP on 42 d among treatments ([Table 3](#tbl3){ref-type="table"}), while CF digestibility was increased (*P* \< 0.05) in both SO and FO treatments compared to LD treatment group ([Table 3](#tbl3){ref-type="table"}).Table 3Effects of different lipid sources on growth performance and nutrient digestibility in broilers.[1](#tbl3fn1){ref-type="table-fn"}ItemLDSOFOSE*P*-valueGrowth performanceStarter (1 to 21 d)BWG, g487503500240.90FI, g824823812340.96FCR1.7081.6371.6260.0400.31Finisher (22 to 42 d)BWG, g1,6781,7631,752390.27FI, g3,1052,9562,977740.33FCR1.855^a^1.677^b^1.698^b^0.037\<0.01Overall (1 to 42 d)BWG, g2,1762,2662,253610.54FI, g3,9183,7783,789930.52FCR1.808^a^1.668^b^1.681^b^0.0340.02Total tract nutrient digestibility on d 42Ca42.5243.2440.921.940.88P52.9152.5056.902.810.49Crude fat80.63^b^85.53^a^84.43^a^1.350.06Crude protein52.2955.4254.512.120.56[^7][^8][^9]

3.2. Relative organ weight {#sec3.2}
--------------------------

Dietary inclusion of FO treatment led to a lower (*P* \< 0.05) breast weight compared to SO and LD treatments, while LD increased (*P* \< 0.05) the abdominal fat percentage compared to other treatments ([Table 4](#tbl4){ref-type="table"}). The relative weights of leg, heart, liver, spleen, and bursa of Fabricius remained unaffected by dietary treatments.Table 4Effects of different lipid sources on relative organ weight (%) in broilers.[1](#tbl4fn1){ref-type="table-fn"}ItemLDSOFOSE*P*-valueBreast20.23^a^20.44^a^17.56^b^0.50\<0.01Leg14.1914.4014.350.460.95Heart0.370.370.410.020.32Liver2.001.961.970.040.73Abdominal fat2.43^a^1.49^b^1.66^b^0.12\<0.01Spleen0.1200.1570.1580.0130.10Bursa of Fabricius0.2050.1750.1930.0180.52[^10][^11][^12]

3.3. Blood metabolites {#sec3.3}
----------------------

The total cholesterol concentration in the blood was decreased (*P* \< 0.05) in both FO and SO treatments compared to LD treatment ([Table 5](#tbl5){ref-type="table"}). Triglyceride content was lower (*P* \< 0.05) in FO diet than in both SO and LD diets, and FO treatment had the lowest value (*P* \< 0.05) among all treatments.Table 5Effects of different lipid sources on blood characteristics in broilers.[1](#tbl5fn1){ref-type="table-fn"}ItemLDSOFOSE*P*-valueTotal protein, mg/mL30.8331.5231.851.120.84Albumin, mg/mL15.7517.1315.950.440.11Globulin, mg/mL12.2912.5713.050.310.26Total cholesterol, μmol/mL3.47^a^2.98^b^2.59^b^0.180.03Triglyceride, μmol/mL0.43^a^0.29^b^0.19^c^0.020.01LDLC, μmol/mL2.022.001.800.310.51HDLC, μmol/mL0.880.910.770.110.35Glucose, μmol/mL12.2912.5713.050.310.27[^13][^14][^15]

3.4. Lymphocyte subsets {#sec3.4}
-----------------------

Broilers that received FO and SO diets had a lower (*P* \< 0.05) concentration of blood CD4^+^ and lower (*P* \< 0.05) CD4^+^: CD8^+^ ratio compared to LD treatment ([Table 6](#tbl6){ref-type="table"}).Table 6Effects of different lipid sources on blood lymphocyte subsets in broilers.[1](#tbl6fn1){ref-type="table-fn"}Item[2](#tbl6fn2){ref-type="table-fn"}LDSOFOSE*P*-valueCD3^+^34.0137.0535.033.020.54CD4^+^14.36^a^6.62^b^7.77^b^2.440.05CD8^+^13.4112.9911.222.510.17CD4^+^:CD8^+^1.07^a^0.51^b^0.69^b^0.210.02[^16][^17][^18][^19]

3.5. Cardiac antioxidant status {#sec3.5}
-------------------------------

Broilers that received the SO diet had higher HO and MDA concentration as well as higher GSH-Px activity (*P* \< 0.05) in the heart compared to those received FO and LD treatments, and LD treatment showed the lowest GSH-Px activity. There was no difference of SOD concentration among treatments (*P* \> 0.05; [Table 7](#tbl7){ref-type="table"}).Table 7Effects of different lipid sources on antioxidant status of broilers.[1](#tbl7fn1){ref-type="table-fn"}ItemLDSOFOSE*P*-valueHO, U/mg protein742^b^995^a^603^b^60\<0.01MDA, nmol/mg protein3.76^b^10.06^a^4.74^b^0.74\<0.01SOD, U/mg protein84.2199.5183.165.680.18GSH-Px, U/mg protein453^c^616^a^534^b^21\<0.01[^20][^21][^22]

4. Discussion {#sec4}
=============

4.1. Growth performance and nutrient digestibility {#sec4.1}
--------------------------------------------------

In this study, we found that a PUFA enriched diet (with either SO or FO) could improve the feed efficiency of broilers, while no impacts were observed on BWG and FI throughout the entire experiment. Similarly, [@bib10] reported that broilers receiving sunflower oil riched n-6 PUFA and FO riched n-3 PUFA presented better values for feed efficiency, and both of which were better than those of broilers receiving tallow. In contrast to these studies, [@bib26], [@bib27] reported that the broilers\' BWG was improved by 4% for FO or fish oil treatments compared to feed supplemented with tallow. Several studies reported no difference in the observed growth performance parameters of broilers when different fat sources were used ([@bib44], [@bib33], [@bib31], [@bib16], [@bib41]). This partly agrees with the results of our previous study ([@bib7]), in which we reported that the dietary inclusion of n-6 and n-3 PUFA improved BWG and feed conversion, while changing the ratio of n-3 to n-6 PUFA in a short term has no significant influence on broilers\' growth performance. This discrepancy between different studies may be due to the utilized lipid sources and the level of PUFA in the diet, and could also be attributed to animal species.

Furthermore, in the present study, dietary supplementations with SO and FO enhanced the ATTD of crude fat, which may also be one of the reasons that led to an improvement in feed efficiency. The digestibility of the fat contained in the feed is influenced by the composition of fatty acids. [@bib6] reported that unsaturated fats yield higher metabolizable energy compared to saturated fats. Animal fats have been reported to have lower digestibility than vegetable oils due to higher content of saturated fatty acids ([@bib23]).

4.2. Relative organ weight {#sec4.2}
--------------------------

In our study, the difference in lipid sources did not significantly change the relative weights of the majority of organs (breast, leg, heart, liver, spleen, and bursa of Fabricus) but the abdominal fat. Feeding broilers with unsaturated fatty lipids (SO and FO) led to lower relative abdominal fat weight. Several studies showed that replacing saturated animal fats (e.g., tallow) with vegetable oils, such as sunflower oil, soybean oil, or linseed oil, that are rich in PUFA could reduce abdominal fat deposition in broilers ([@bib29], [@bib40]). A study reported by [@bib11] also suggested that reduced abdominal fat in broilers fed dietary vegetable oil is an overall consequence of elevated lipid oxidation, which prevents the simultaneous increase of endogenous fatty acid synthesis ([@bib11]).

4.3. Blood metabolites {#sec4.3}
----------------------

A high-fat diet is a significant risk factor for the development of cardiovascular diseases due to the induction of hyperlipidemia, atherosclerosis, and disturbed lipid metabolism ([@bib30]). Our findings indicated that higher dietary PUFA content (SO and FO) decreased the concentration of total cholesterol and triglyceride in serum. This result agrees with the findings of [@bib11] and [@bib14], who also reported lower plasma cholesterol and triglyceride levels in broilers receiving diets with supplemented FO or sunflower oil compared to those receiving lard or tallow. The decrease of blood cholesterol via FO and SO supplementation may be attributed to a decrease of both free and esterified cholesterol. It is well established that ALA-enriched FO led to a higher cholesterol secretion in the bile, thus resulting in an increase in both cholesterol synthesis and turnover ([@bib28]). Similar to cholesterol, a high level of triacylglycerol in the blood could damage vascular endothelial cells and thus lead to cardiac diseases ([@bib37]). We furthermore found that the serum triglyceride level was lower in FO (n-3 PUFA) treatment than in SO (n-6 PUFA) treatment.

4.4. Lymphocyte subsets {#sec4.4}
-----------------------

Fatty acids have been shown to regulate both innate and adaptive immune responses by influencing the expression of co-stimulatory molecules and cytokines. Naive T lymphocytes are the main targets of n-3 PUFA ([@bib22]) and several studies have established that n-3 PUFA effectively prevented inflammation via suppressing the activation of naive CD4^+^ T cells in response to various antigens ([@bib32], [@bib2], [@bib43], [@bib22]). In the current study, we found the blood CD4^+^ T cell population and the CD4^+^: CD8^+^ ratio were decreased by FO (n-3 PUFA enriched) and SO (n-6 PUFA enriched) treatments, which is in partial agreement with our previous study ([@bib7]). It has been reported that lower CD4^+^: CD8^+^ ratios indicate enhanced cytotoxic activity by immune cells ([@bib1]). With respect to CD4^+^ T cells, n-3 PUFA inhibited CD4^+^ T cell activation at least to some extent by changing the organization of the lipid raft formation via n-3 PUFA accumulation ([@bib5], [@bib13], [@bib24], [@bib19]). Since lipid rafts are important platforms for the clustering of different receptors and signaling molecules, disruption of the lipid raft could potentially inhibit signal transduction events that are required for T cell activation. Therefore, our result indicated that n-3 or n-6 PUFA addition can modulate the innate immune function by decreasing activation of the blood T lymphocytes subsets.

4.5. Cardiac antioxidant status {#sec4.5}
-------------------------------

Differences in dietary lipid components have previously been suggested to influence antioxidant enzyme activity ([@bib4], [@bib7], [@bib8]). In the current study, GSH-Px was increased via administration of a PUFA-enriched diet in broilers of both SO and FO groups compared to LD group. No difference in concentration of SOD was found among treatments. Interestingly, broilers receiving SO had higher HO and MDA concentrations in their hearts compared to those receiving FO and LD. Glutathione peroxidase and SOD have been reported to work in conjunction with reduced glutathione to scavenge free radicals such as H~2~O~2~ and lipid peroxides. Substantial evidence indicates that PUFA are capable of increasing GSH-Px activity ([@bib12], [@bib38], [@bib4]). In addition, [@bib7] indicated that GSH-Px, GSH-ST, and SOD concentrations could be increased via enriching the diet with n-3 PUFA, while MDA should be decreased. This partly agrees with the findings of the current study. [@bib14] reported that a PUFA-enriched diet resulted in an increase in the MDA level in the liver of broilers. Similarly, fish oil or linseed oil also increased MDA levels in the liver of hens compared to palm oil ([@bib9]). It is possible that both types and ratios of oil affect the fatty acid metabolism of broilers and use different biochemical pathway. However, this needs further investigation in a future study.

5. Conclusion {#sec5}
=============

In summary, the results of present study can be concluded that modulation of the dietary PUFA content by adding vegetable oil (SO and FO) rather than LD improved the feed efficiency of broilers, but BWG and FI were not affected. Meanwhile, it modulates the innate immune function by decreasing the blood CD4^+^ T cell population and the CD4^+^: CD8^+^ ratio. Moreover, this can also improve lipid metabolism by reducing the serum concentrations of cholesterol and triglycerides.
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[^1]: SO = 5% sesame oil; FO = 5% flaxseed oil; LD = 5% lard.

[^2]: Provided per kg of diet: 10,000 IU vitamin A, 2,500 IU vitamin D~3~, 50 mg vitamin E, 2 mg vitamin K~3~, 2 mg thiamin, 10 mg riboflavin, 1 mg vitamin B~6~, 5 μg vitamin B~12~, 50 mg niacin, 2 mg folic acid, 25 μg biotin, and 10 mg pantothenic acid.

[^3]: Provided per kg of diet: 40 mg Zn (as ZnSO~4~·7H~2~O), 60 mg Mn (as MnSO~4~·5H~2~O), 80 mg Fe (as FeSO~4~·7H~2~O), 10 mg Cu (as CuSO~4~·5H~2~O), 0.2 mg I (as KI), and 0.25 mg Se (as Na~2~SeO~3~·5H~2~O).

[^4]: The value of ME was calculated and others were measured.

[^5]: SO = 5% sesame oil; FO = 5% flaxseed oil; LD = 5% lard; SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid.

[^6]: Means of identified fatty acids of the respective group.

[^7]: SO = 5% sesame oil; FO = 5% flaxseed oil; LD = 5% lard; BWG = body weight gain per broiler; FI = feed intake per broiler; FCR = feed conversion ratio.

[^8]: ^a,b^Means in the same row with different superscripts indicate significant difference (*P* \< 0.05).

[^9]: *n* = 360 (120 broilers × 3 treatments) with 20 broilers per cage and 6 cages per treatment.

[^10]: SO = 5% sesame oil; FO = 5% flaxseed oil; LD = 5% lard.

[^11]: ^a,b^Means in the same row with different superscripts indicate significant difference (*P* \< 0.05).

[^12]: *n* = 36 (12 broilers × 3 treatments) with 2 broilers per cage and 6 cages per treatment.

[^13]: SO = 5% sesame oil; FO = 5% flaxseed oil; LD = 5% lard; LDLC = low density lipoprotein cholesterol; HDLC = high density lipoprotein cholesterol.

[^14]: ^a,b,c^ Means in the same row with different superscripts differ (*P* \< 0.05).

[^15]: *n* = 36 (12 broilers × 3 treatments) with 2 broilers per cage and 6 cages per treatment.

[^16]: SO = 5% sesame oil; FO = 5% flaxseed oil; LD = 5% lard.

[^17]: ^a,b^Means in the same row with different superscripts indicate significant difference (*P* \< 0.05).

[^18]: *n* = 36 (12 broilers × 3 treatments), with 2 broilers per cage and 6 cages per treatment.

[^19]: Lymphocyte subpopulation: cluster of differentiation of antigen positive T cells 3, 4, and 8 (CD3^+^, CD4^+^, and CD8^+^, respectively).

[^20]: SO = 5% sesame oil; FO = 5% flaxseed oil; LD = 5% lard. HO = Hydroxyl radical; MDA = malondialdehyde; SOD = superoxide dismutase; GSH-Px = glutathione peroxidase.

[^21]: ^a,b^Means in the same row with different superscripts indicate significant difference (*P* \< 0.05).

[^22]: *n* = 36 (12 broilers × 3 treatments) with 2 broilers per cage and 6 cages per treatment.
